Objective: To examine the role of vascular invasion as a prognostic factor in melanoma.
M
ALIGNANT melanoma exhibits a capricious clinical behavior. Thus, while tumor thickness is the most important prognostic factor determining survival, many patients with thick melanomas are free of metastasis while a small subset of patients with thin tumors die of their disease. Therefore, information on additional factors is important to refine the prognostic information gained by knowledge of the tumor thickness.
Numerous clinical and histologic prognostic factors have been identified in melanoma. 1, 2 Clinical factors include sex, anatomical location of the primary tumor, and at times patient age. Histologic prognostic factors, in addition to Breslow tumor thickness and Clark level of invasion, include ulceration, mitotic index, regression, microsatellitosis, host lymphocytic response, and vascular invasion.
The interactions between the tumor cell and the tumor vasculature are increasingly recognized for their effect on the biological behavior of the primary tumor. 3, 4 These interactions include vascular invasion, defined as presence of tumor cells within the vessel lumens. Vascular invasion has been suggested to play an important role in the progression of a number of solid tumors. 5, 6 However, the role of this factor in the prognostic assessment of malignant melanoma has remained controversial. For instance, several studies from large databases of patients with melanoma show conflicting results with respect to the importance of vascular invasion. [7] [8] [9] [10] [11] [12] Studies analyzing the role of vascular invasion in melanoma have been hampered by small patient numbers, inadequate follow-up, and/or the use of different techniques for optimal recognition of these tumor cell-tumor vasculature interactions. 13, 14 As a result, the presence of vascular invasion is not routinely documented in melanoma pathology reports. For this study, using a database of 526 patients, we evaluated the prognostic significance of vascular involvement in the metastasis and survival associated with malignant melanoma. Table 1 gives the characteristics of the 526 patients included in the data set. We analyzed all patients' tumors at the time of initial diagnosis (prospectively) for evidence of vascular invasion and other high-risk histologic features. Two patterns of vascular involvement were noted in 78 patients (16%). In the first pattern, termed definite vascular invasion (45 cases [9%]), tumor cells were found invading the endothelium and vascular lumen ( Figure 1A ). In the second pattern, termed uncertain vascular invasion (33 cases [7%]), melanoma cells were observed immediately adjacent to the endothelium without intervening stroma, but not within the walls or lumens ( Figure 1B ).
RESULTS
There were no significant differences between the 2 groups of patients with vascular involvement and the 1 without with respect to age, sex, or location of the primary tumor (Table 1) . However, there were important differences between the 2 groups with respect to tumor thickness and ulceration, both previously shown to correlate with vascular invasion. 13, 14 We examined the potential significance of vascular involvement on the metastatic phenotype and survival of patients with melanoma in this data set. Metastasis was documented in 42% of patients without vascular involvement compared with 82% of patients with vascular involvement (including both definite and uncertain cases, PϽ.001). Deaths were recorded in 19% of cases without vascular involvement compared with 44% of cases with either type of involvement (PϽ.001). There was no difference between the 2 patterns of vascular involvement 
PATIENTS AND METHODS

PATIENTS
From the archives of the University of California, San Francisco, Melanoma Center, we selected 526 patients with primary cutaneous melanoma using the following eligibility criteria: (1) at least 2 years of follow-up or first relapse unequivocally documented; and (2) sufficient clinical and histologic information to be evaluable. Different types of data missing from the archives for some patients explain slight variations in calculation results. The clinical parameters included were age, sex, location of the primary tumor, relapse-free survival (RFS), clinical stage, site of first metastasis, and overall survival (OS). Metastasis was defined to include local dermal or subcutaneous recurrence, satellitosis, and regional nodal and distant metastasis.
HISTOPATHOLOGIC ANALYSIS
Only routinely prepared slides with hematoxylineosin staining were used. The approach to the histologic analysis routinely performed has been previously described. 15 The histologic parameters were recorded prospectively and included the following measures: tumor thickness, Clark level, mitotic index (defined as number of mitoses per square millimeter in the vertical growth phase), and presence of ulceration and/or microsatellites. Vascular invasion was defined as tumor cells fixed to the walls and within the lumens of lymphatic or blood vessels. Only those cases with unequivocal findings were recorded as demonstrating vascular invasion.
STATISTICAL ANALYSIS
Statistical analysis of the cross-tabulated frequency data was performed via (1) the Fisher exact test in the case of all 2ϫ2 tables; and (2) the Pearson 2 test if either the number of rows in the table or the number of columns or both exceeded 2. Statistical analysis of all differences between means (eg, mean Breslow tumor thickness and mean elapsed time intervals until relapse or death) was performed via (1) the 2-sample (independent) t test in the case of all 2-sample comparisons; and (2) a 1-way analysis of variance (ANOVA, fixed effects model) if more than 2 means were compared. In the case of mean elapsed time intervals, censored observations were excluded. Where indicated, survival curves were generated using the Kaplan-Meier method, 16 and differences between Kaplan-Meier curves were assessed using both log-rank and generalized Wilcoxon tests. Multivariate comparisons of the relative contributions of various high-risk prognostic factors were assessed via Cox regression analysis, assuming proportional hazards. Moreover, tests for possible interactions were performed in the multivariate analyses. All tests of statistical significance reported are 2-sided.
with respect to the eventuality of metastasis or death. Moreover, 32% of patients without vascular invasion had regional nodal involvement compared with 59% of patients with either pattern of vascular involvement (P=.006). Distant metastasis was observed in 22% of patients without vascular involvement compared with 74% of patients with uncertain invasion and 65% of patients with definite invasion (PϽ.001). Finally, the effect of vascular involvement was examined on the RFS and OS of the patients in the data set. In patients without vascular invasion, the mean RFS was 26.1 months compared with 20.6 months in patients with uncertain vascular invasion, and 10.2 months in patients with definite vascular invasion (PϽ.001). The mean OS in cases without vascular involvement (54.2 months) was significantly longer than in cases with vascular involvement (32.6 months) (P = .001). Kaplan-Meier analysis of RFS and OS revealed significant reductions in survival with the presence of vascular involvement (Figure 2) .
To determine the independent prognostic significance of vascular involvement in melanoma, 2 multivariate analyses were performed: RFS and OS were regressed separately against several well-known histologic variables, including tumor thickness, ulceration, Clark level, mitotic index, and microsatellitosis ( Table 2) . Tumor thickness was the only factor significant at PϽ.05 in the RFS and OS analysis. Clark level was significant (P=.01) in the RFS analysis and marginally significant (P=.06) in the OS analysis. Ulceration was marginally significant (P=.05) in the OS analysis, and nonsignificant (P=.09) in the RFS analysis. Then vascular involvement was added as a sixth prognostic variable to each analysis ( Table 3) . Tumor thickness remained the most potent prognostic factor in both analyses. Interestingly, vascular involvement emerged as the second most potent factor after tumor thickness in both analyses (Table 3) . Given the recognized importance of ulceration and its inclusion in the proposed staging of melanoma, 17, 18 we compared the effect of ulceration and vascular involvement, taken separately, on several outcome parameters in this data set. As given in Table 4 , these 2 prognostic factors have a virtually identical effect on the risk of relapse and death and the survival associated with melanoma.
COMMENT
To our knowledge, our work here constitutes the largest study of the role of vascular invasion as a prognostic factor in melanoma (526 patients with melanoma, of whom 78 had vascular involvement). The results of our analysis clearly indicate the independent role of vascular involvement in the prognostic assessment of patients with melanoma. The presence of vascular involvement was associated with an increased risk of melanoma relapse and death. Interestingly, involvement of the tumor vasculature, which is believed to represent largely lymphatic vessels, was predictive of distant as well as regional nodal metastasis. Moreover, vascular involvement was associated with significantly reduced RFS and OS. In fact, vascular involvement was the most important prognostic factor in the primary tumor after tumor thickness in determining survival.
Prior studies of definite vascular invasion have suggested the high-risk nature of this prognostic factor. Followfield and Cook 13 analyzed 66 primary melanomas, 29 of which demonstrated vascular invasion as determined by lectin Ulex europaeus I staining. Vascular invasion was an uncommon finding in melanomas thinner than 1.5 mm, but increased with increasing tumor thickness. However, no correlation with outcome was reported. Subsequently, a population-based study of 476 patients with melanoma from the Swedish Cancer Registry revealed a 27.3% 5-year survival in cases with vascular invasion compared with 76.1% 5-year survival in cases without vascular invasion. 19 Vascular invasion was associated with a 2.11-fold increased hazard of death and was an independent predictor of survival. 19 More recently, Straume and Akslen 14 examined 102 patients with nodular melanoma, including 15 with vascular invasion as determined by staining with factor VIII antibody. Vascular invasion was correlated with tumor thickness, ulceration, and initial patient stage. In univariate analysis, vascular invasion was a significant predictor of overall survival. In multivariate analysis, vascular invasion was of independent prognostic significance in predicting survival, but its effect was lost after adjusting for other factors.
Of particular interest was the prognostic significance of the phenomenon of uncertain vascular invasion. In this cohort, the tumor cells were not unequivocally found within the tumor vasculature; rather, they abutted the vessels without intervening stroma ( Figure 1B ) and therefore could not be classified as demonstrating definite invasion. However, the risk of metastasis and death from such tumors was as high as those exhibiting definite vascular invasion, suggesting the poor prognosis associated with this finding. There was no difference between the 2 patterns of vascular involvement with respect to overall relapse or death rate, and rate of regional, nodal, or distant metastasis. However, the mean RFS of patients with uncertain vascular invasion was 20 months, compared with 10 months for those with definite invasion. This suggests that the group with uncertain vascular invasion occupies an important earlier step in tumor progression.
Other investigators have described similar interactions between melanoma cells and vascular endothelial cells. The group with uncertain vascular invasion is similar morphologically to patients with the angiotumoral complex described by some investigators 20 and to those with angiotropism described by others. 21, 22 More recently, the intriguing concept of vasculogenic mimicry described for ocular melanomas 23 has suggested unanticipated interactions between melanoma cells and the tumor vasculature. Finally, recent studies have suggested the involvement of the ␤2 chain of laminin in the microvasculature associated with melanoma. 24 Further studies will be required to define the molecular nature of these interactions given their prognostic significance in human melanoma.
In our analysis, vascular involvement was an independent prognostic factor determining relapse and survival in patients with melanoma. Our data suggest that the presence of either type of vascular involvement imparts a high-risk feature to the tumor similar to that associated with ulceration. In fact, in a multivariate analysis, vascular involvement had a greater effect than ulceration on both RFS and OS (Table 3) .
More recently, the histologic status of the regional nodal basin, as determined by sentinel lymph node (SLN) mapping, has emerged as a powerful indicator of melanoma survival. 25 An analysis by our group 26 has shown that vascular invasion, along with ulceration, mitotic index, and microsatellitosis, are histologic features predictive of a positive SLN finding. 26 A recent multivariate analysis performed by our group using a data set of patients undergoing SLN mapping revealed that vascular invasion remained a significant predictor of relapse and death when SLN status was included in the model (Leong SPL, Nguyen LH, Miller JR, et al; manuscript submitted, 2001). Importantly, in patients with a positive SLN, vascular invasion was one of the few factors in the primary tumor that was still significant in predicting outcome. This analysis, which was conducted with a largely different set of patients, validates the independent prognostic effect of vascular invasion even in the context of SLN mapping.
A salient feature of our present study was the histopathologic recording of prognostic features using routine hematoxylin-eosin stains. Studies using immunocytochemical stains may be difficult to compare with the present study. Ulex europaeus is thought to stain postcapillary venules and lymphatics, 27 whereas factor VIII is regarded as a panendothelial marker that stains blood vessels more strongly than lymphatics.
14 Involvement of the vascular spaces recorded here was graded solely on the basis of routinely stained slides. The advantage is that every histopathologist can evaluate this factor; the disadvantage is the lack of information regarding the nature of the vessel. However, solid evidence to indicate whether separation of the vascular and lymphatic circulation is predictive of the site of metastasis in melanoma is lacking. Interestingly, the percentage of cases with vascular involvement in our study (16%) was similar to that reported by Straume and Akslen 14 (15%) in which factor VIII antibody staining was used to record vascular invasion.
In summary, our results underscore the importance of vascular involvement as a histologic prognostic factor in malignant melanoma. We propose that recording of vascular involvement (which requires no additional cost or techniques) in reports of primary malignant melanoma can play an important role in refining the prognosis of patients with melanoma as well as in determining their subsequent treatment. 
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